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The analysis of forml genetics of Eecherichia coli is being 

continued, Spsaial emphasis is being given to discrepancies betmen 

experimental data and the theory of a linear chromoaolne as the basis 

of heredity in this bacterium (as it is in higher forms). Single uell 

studies on segregating diploids suggest that some discrepancies may 

not be inherent in the ac~m.3. genetic ratios, but in differential 

gropth of d=tt'fersnt types. This work is necessarily slow, end definite 

conc;l;~i~~r~ti AX not be available until it is completed. 

I study- of the genetic effects of radiations on ciiploid E. coli 

has Lae~1 initiated, wit;h contract aupport from the atomic Energy Com- 

mission. At ttis point, the pro,ject is very modest. The most sighifi- 

cant finding tu date is that single cells treated with W give progenies 

with a variety of effects: either the cell (probably the nucleus as well) 

is not a unit target, or the effects of radiations persist as a biologiaal 

disturbance despite the apparent growth-recovery of the cell. These effcta 

then later give rise to the variety of changes Fn different offspring. 

%k.Asolation of new strains of R. colt that cm be crossed with 

exzI.sting fertile strains was a major subject this year. Earlier estlxtes 

were optimistia: of about 1500 strains tested, only 30, or 2% could be 

srossed. These 30 strains are being studied closely for E) their linkage 

patterns, b) the possibility of co,qm.tLbi3.ty groups 3x! c> charaaters of 

intereat for genetic study. So far aa can be OetsmLmd s&: far, the new 

strains resemble the original E. coli K-12 in their fundamntal biology 

md life cycle. However, many of them are &&ally and serologiaaUy 

distinct. We are now planning studies on the genetic basis of the natural 

(as opposed to laboratory-created) differences between the strains. The 

serological differsnaes, in particular, permit of an imnunogenetic analysis 
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For a variety of rimsons, bacteria provide excellent elcperimmtal material 

to sktdy the biological bases of gene-controlled antigenic differences such 

as are the foundation of blood-typing in man, cattle, and other mammals. Xn 

addition, although E, co11 la “not pathogenic”, the genetis basis of aerotypes 

is of Mz4.nsic interest to the student of infectious diseases. The Rssearsh ,I 5-11Y30 
Committee provided fuuda (%.r\,.R.F.) to initiate this progr&F+il definitive ,- = ; -1 ’ I 
support &-secured from the Rockefeller Foundation, Dr. P. D. Skaar has under- 

taken its immdiate direction, and has completed prelirnlhary experiments and 

preparation of antisera1 reagents. 
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&lmr>nella tgphhuriun (muse-typhoid; enteric fever group) has been 

the subject of genetics study in this laboratory since 1947. During the past 

year, a reasonably clear picture of its behavior has developed for the first 

t&ne. The S&aonella baateria were ahosen for this study because they provide 

good experissntsl materisl for studies on virulence, because they are readily 

cultured in the laboratory and are related to the E. co11 familiar to us, and 

because their serological charaaters (presumably under genie control) are impor- 

tant in publia health bacteriology. 

Mr. Norton Under undertook this problem in 1948, and is using the experi- 

mental data for his Ph. D. dissertaiAsn (officially in Mediaal Ucrobfology). 

The plan was to parallel the work with E. ~011. Biochemical mutants were made 

in a large number of strains, and attempts were made to deteat crossing by 

plating mixed aultures on a selective, minimal agar medium. The results obtained 

were very confusing, aa illustrated in previous reports, until it was realized 

that the reaombination mschaniaia here is quite different from that in E. ~011. 

In E. aoli, all the evidence points to a typical sexual prwess, wherein recom- 

bination results from the fusion, and later segregation, of two intact nuclei. 

In Salmonella, under certain conditions, the cells release fragments of genetic 

material into the msdium. These fragments lmy be either single ':genee" or small 

aggregates, but mob less than an entire nucleus. Other cells may absorb these 

frag@+nte. The next steps we can only guess at, but an end result is that a 

'?ecombinafW cell is somet&nes f orxed in which the absorbed fragment becomes 

a part of the genetic mechanism of its new hostacell. To distinguisg this 

Process from fertiliaation, which is the union of two essentially aqual genotypes, 
x 

we have designated maas as genetic transduction. 
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Transduction ie a~ infectiow proceee, if regarded in a certal~ light, 

and one may ask whether it does not merely depend on the transmission of 

a virus iWdi8ea8en from one cell to another. However, a great many character8 

have been exaiaimd, and every one of thea is transducibl %b the 8ame way. 

These include many different nutritional requirement9, fer&mtation differencea, 

resiatame Lo strcplu~oin, and type-diagnoatiu anthgetis, the lame groups of 

markers that are Ltierited as if carried on a chromo8oae in E. coli. The 

conver8e possibility, that gen&c transduction may throw light on the origin 

of virudes, should be given close consideration. 

Prpn the point, or’ visw of adaptiva plaaticiby, tmnaduction is not so 

transduc$ole ,to a cell at one timis, so -Lhat%rosses” of oells differiw in 

many i‘actors remit in only 3 wu.L 1 frmticin or” ail the poaaibie gene COW 

bina tionu . 

The Sal~nu~&im h$ been subjected to very close serological study, and 

a very large m&or of ad&+3nic types or ~~spe~ies:~ab reco@zod In the 

diagnostic schmne . !.‘hess types represent dFfferent combinationo of somatic 

antigens (cie~i~ztted uy rormn numeralsj a& %la,@.I.ar antigen8 (arabic numerals 

and lower case letters). For example, S. ty-phinurium is dwj~n%ted as 

IV,V,XIl; I; 1,2#3., while S. typhi is given a8 IX, XII; d-•, Bacteriologist8 

have of ten 8peluLated on the evolution of the Sd.mor~aU 9. grc~lp. anci the 

origin of the different antigenlo combinationa, but ntin,q to the lack of con- 

vinoing preaedenta, reoombination uaa not implicated. By trsnsduction, however, 

a hybrid of S. typhi x typhimurium has been obtained, with the antigenic formula 

Ix, XII; i -. ‘this hybrid has not previously been described a8 a Salmnella 

type. If it had been isolated (and it might well be anticipated to occur in a 

patient suffering from a double infection) from a aarrier or patient, it would 

certainly have been recognized a8 a new 8pecie8. On this precedent, we may pre- 
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dicit thati- Salmonella type8 have arisen, and will arise again, from ths (I,, 
reao&inatiOn Of factOr of plWiOU8~ established forms. 

'katl8dUCtion is &o different from the hereditary patterns farailiar to 

gsnekicists that it is difficult to reconcile it with the cytological observa- 

tions that euggest the presenoe of eimibu nuo~ea,r struuturae in E. coli and 

IR %l&l0n0llA. He will have to learn a great deal mm about genetic trun& 

duction before we can evaluate its significance for our concepts of the 

nature of the @me and its relationship to the cell. 
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The newspapers rdeently have gra$xl.cally described the continued raoe 

that we must anticipate in ths d8ve~opqrPnt of new antibiotics for the chemo- 

therapy of infections caused by bacteria that have adaptid tu Thor L&I. The 

nredical usefulnsaa of the sulfonamides, peniuillin, bnd streptomycin is al- 

ready iizif&fl to ~a?yifig d@gre8s, by the prevalence of pathogens resistant 

to thox :yar?ts. '?"w :levelopi~~~lt a$3 drug-resistmue CM be demmataated 

in labozztmy ctliurre~ of bacteria exposed to a particular mtibiotic. The 

meo~cm~.~z 0: "cfliS .~;-l:q~Ldkm mill not LmadiaLuely affect Lhe outcome of thie 

race, but is boti “to entsr into any lo&emu consiAeratlom. 
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In the course of studies unrelated to this problem, a method was devloped 

for handladg large numbers of bacterial oolmnies with a minimum of effort, 

and this later provided a decisive answer to the problem of drug-resistance. 

Much of the laboratory work in microbial gene tics (and other aspects of 

microbiology) involves ‘*pickin@1 each of a great many bacterial colonies 

gmring on an agar medium, and transferring them with a platinum wire needle 

to several othsr types of medium to see how they will perform on theee. In 

our laboratory, the number of times this operation is carried out is numbered 

in the hundreds or thousands per day. 

A method was dev&.oped so that an entire plate, containing up to several 

hundred colonies, uould be handled as a unit. A tic of a pile fabric, such 

as velvet or velveteen was used as a sort of template or stencil. When the 

fabric is gently pressed onto an agar plate, the colonies become entangled 

in the hairs of the nap. Vhen the template is then pressed on one ore more 

fresh plates, a few cells are depeeited from the velvet, in positions correspon- 

ding to the colonies on the original plate. In sffect, it becomes possible 

to “copytt a pattern of growth on one agar plate to a series of others. Nith 

care, the copies are quite faithful (Figures 1 to 3). ‘his technique, which 

is called repliua-plating, has been quite useful in the detection and ojussi- 

fixation of mutants of bacteria and of actinomycetes, also. It should save a 

great de&l of work in similar operations, such as testing groups of bacteria 

for their reactions to various antibiQbics. 

It was only after ths replica method was well developed that we realized 

its applicability to the problem of adaptation to antibU&ics. Two lines of 

psrtinent evidence arose. If a suspension of bacteria not previously exposed 

to a drug (strepfmycin was used in our experiments) is spread on a plain sgar 

plate, we should expect that a few of the cells placed on the plate are already 

drug-realsbmt, if we reason from the “DarwlnianB8 hypothesis, If the plate is 
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fncubated for a few hours, so that the bacteria grow undisturbed, the 

original resistant cells will have multiplied several times to give a 

&one or asemally produced family of resistant cells at that place. 

This was veriiied by making copies of such a plate to a series of other 

plates containfng the drug. In almost every case, the copies showed 

resistant cella developing at corresponding places, showing that the 

original plate mast have had the resistant cella in families. The resistant 

uel3.s must have developed the fam.iliea on the plain agar before they were 

exposed to the drug on the copy plates. This is contradictory to the theory 

of a direczt effect of the drug. 

An even more uonvincfng result, however, is a procedure that allows 

us to Isolate the resistant cells without ever exposluig them directly to 

the &rug. In the previous experiment, families of resistant cells are located 

on the plain agar at places oorresponting to the resistant colonies developing 

on the copies. ‘When the velvet template is prepared, it does not remove 

most of the cella on the original. plate. The drug-aontaining copy plates 

tell us where to hook for resistant mutants on the original plate. This 

plate is too crowded to allow us to tell exactly which cells correspond to 

the resistant families, but the mthod narrows the range: instead of look- 

for over an area of about five square inahes (a whole plate), we can lpcate 

the clone in an area of about .Og square inches. By using these cells as ah 

Fnouulus~ for a fresh plate, we will have concentrated the resistant uells 

about one-hundred fold, say from a proportion of 1 : l ,OOO,OOO to 1: 10,000. 

This l~enrichaent” can be repeated several tiayrs, until the resistant cells are 

well separated on the plate, and can be picked easily. 

In all of this, the actual selectfon line remains on plain agar, and never 

is exposed to the drug, The sibs QBat are carried over to make the replica plates 
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serve to tell us where to look for the resistant mutants. Thus we can praatise 

our selection indirectly, and Ban isolate the resistant ~~ut.aUs without ever exposing 

them to the drug they are adapted to. This is rather like pedigree-selection of 

roosters for breeding stouk. We can use information on egg-production reoords of 

the sib hens of a rooster flock to select the birds with the best genotypes, without 

ever demmi3.q that the rooster prove his potentialities directly. 

This work was done in collaboration with Dr, E. M. iederberg, and will appear 

in the January 1952 issuenof the Journal of Bacteriology. 


